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UHVHDUFKDQGGHYHORSPHQWRQWKHWHFKQRORJLHVWRSURGXFHGLIIHUHQWNLQGRIPDUNVLQDZLGHUDQJHRIPDWHULDOV,WFDQ
EHGRQHHLWKHUE\FKDQJLQJ WKHVXUIDFHDSSHDUDQFHRI WKHPDWHULDO LWVHOIRUE\DGGLQJDSLJPHQWDQG WKDQNV WR LW
FXUUHQWWHFKQRORJ\DOORZVWRSULQWGLUHFWO\RQDOPRVWHYHU\PDWHULDOE\UHOLDEOHPHWKRGV
1HYHUWKHOHVVFHUDPLFVDUHPDWHULDOVWKDWUHTXHVWIRUVSHFLILFPHWKRGVWRSULQWRQWKHPDVDFRQVHTXHQFHRIWKHLU
VLQJXODUQDWXUH7KH\XVXDOO\QHHGWRZLWKVWDQGYHU\KLJKWHPSHUDWXUHVVRW\SLFDOSDLQWVPDGHE\SLJPHQWVDUHQRW
XVHIXOIRUWKHP
/DVHUVKDYHEHHQODUJHO\XVHGWRSURFHVVFHUDPLFVLQGLIIHUHQWZD\VFXWWLQJ%ODFN4XLQWHURHWDO
GULOOLQJ0XUUD\HWDOFODGGLQJ/XVTXLxRVHWDO'SULQWLQJ&RPHVDxDHWDORUVXUIDFH
JOD]LQJ'KLQHVKNXPDUHWDODUHH[DPSOHVRIVXFFHVVIXODSSOLFDWLRQRIODVHUVRQFHUDPLFV
/DVHUPDUNLQJLVDUHOLDEOHSURFHVVDQGVXLWDEOHIRUPDUNLQJFRPSOH[JHRPHWULHVZLWKDKLJKSURFHVVLQJVSHHG
0DUNVDUHPDGHE\FKDQJLQJWKHH[WHUQDODSSHDUDQFHRIPDWHULDOVIRULQVWDQFHE\R[LGDWLRQRUE\HWFKLQJEXWWKHVH
DSSURDFKHVDUHXVHOHVVLQWKHFDVHRIFHUDPLFV
$OXPLQD LVRQHRI WKHPRVWHPSOR\HGFHUDPLFPDWHULDOV LQ LQGXVWU\ ,WKDVKLJKHOHFWULFDQG WKHUPDO LQVXODWLQJ
FDSDFLWLHV DV ZHOO DV JRRG PHFKDQLFDO EHKDYLRU ZHDU UHVLVWDQFH DQG KDUGQHVV +RZHYHU DV PHQWLRQHG EHIRUH
SULQWLQJRQLWLVDGLIILFXOWWDVNEHFDXVHLVDQR[LGHVRLVQRWSRVVLEOHWRPDUNLWE\R[LGDWLRQDQGSLJPHQWVFDQQRW
EH HPSOR\HG VLQFH WKH KLJK SHUIRUPDQFH WHPSHUDWXUHV IRU WKLV PDWHULDO FRXOG HDVLO\ GHJUDGH WKHP 7KHUH LV D
SRVVLELOLW\ WR PDUN DOXPLQD E\ GRSLQJ LW ZLWK DQ\ FRORU LPSDUWLQJ HOHPHQW VXFK DV LURQ FKURPLXP DQG FREDOW
*QG]+RZHYHUFXUUHQWO\WKHUHLVQRQHHGRIXVLQJDQ\GRSDQWVLQFHWKHSURGXFWLRQRIKLJKFRQWUDVWPDUNV
RQDOXPLQDE\GLIIHUHQWODVHUVZLWKRXWDGGLWLRQRIDQ\HOHPHQWZDVDOUHDG\UHSRUWHG3HQLGHHWDO7KH\DUH
SURGXFHGE\JHQHUDWLQJR[\JHQYDFDQFLHV LQDOXPLQDZKLFKDUHDOVRFDOOHGFRORU FHQWHUVRU)FHQWHUV (YDQVDQG
6WDSHOEURHN  +RZHYHU DV UHSRUWHG EHIRUH PDUNV FDQ EH OLJKWHQHG DQG HYHQ UHPRYHG LQ VRPH KRXUV E\
KHDWLQJDOXPLQDDW& LQDR[LGL]LQJDWPRVSKHUH DLU 3HQLGHHWDO0RUHRYHU VRPHDXWKRUV UHSRUWHG
WKDW ODVHULQGXFHG FRORULQJ GHFUHDVHV RYHU WLPH VHYHUDO WHQV RI GD\V DW URRP WHPSHUDWXUH IRU VRPH JODVVHV
$VKNHQDVLDQG/HPNH7KHUHIRUHPDUNVPDGHRQDOXPLQDE\ODVHUPLJKWORVHWKHLUFRORUDWLRQRYHUWLPHGXH
WRVSRQWDQHRXVILOOLQJRIR[\JHQYDFDQFLHVDQGWKLVLVDQDFWXDODQGLPSRUWDQWSUREOHPIRUWKHLPSOHPHQWDWLRQRIWKLV
WHFKQLTXH 7KLV LV DQ RSHQ TXHVWLRQ WKDW ZH WULHG WR DQVZHU LQ WKLV ZRUN )RU WKDW UHDVRQ KHUH ZH UHSRUW DQ
H[SHULPHQWDO VWXG\ RQ WKH HYROXWLRQ RYHU WLPH RI WKH FRQWUDVW RIPDUNV SURGXFHG E\ IRXU GLIIHUHQW ODVHU VRXUFHV
HPLWWLQJDWWKUHHGLIIHUHQWZDYHOHQJWKVDVZHOODVWKHGLIIHUHQWUHVXOWVRIXVLQJWKHVHODVHUVIRUSULQWLQJRQDOXPLQD
([SHULPHQWDO
7KHPDWHULDO HPSOR\HG IRU WKLV VWXG\ZDVDOXPLQD SXULW\*RRG)HOORZDV VLQWHUHGSODWHVRIPPî
PPîPPZKRVHQDWXUDOFRORULVZKLWH
([SHULPHQWVZHUHFDUULHGRXWE\PHDQVRIIRXUGLIIHUHQWODVHUVRXUFHVVHOHFWHGLQRUGHUWRFRPSDUHWKHHIIHFWRI
ZDYHOHQJWKRQWKHVRSURGXFHGPDUNV)LUVWDQ<WWHUELXPGRSHGILEHUODVHU63,63HPLWWLQJLQFRQWLQXRXV
ZDYHDWQPZLWKDQRXWSXWSRZHURI:FRXSOHGWRDVFDQQLQJKHDGDEOHWRSURYLGHDSURFHVVLQJVSHHGRI
 PPV 1H[W DUH WKUHH GLRGH HQGSXPSHG 1G<92 ODVHUV 3RZHUOLQH (  5RILQ6LQDU HPLWWLQJ LQ WKHLU
IXQGDPHQWDOZDYHOHQJWKQPVHFRQGKDUPRQLFQPDQGWKLUGKDUPRQLFQP8VLQJWKHODVWWKUHH
ODVHU VRXUFHV H[SHULPHQWVZHUH FDUULHGRXWZLWK:DQG ODVHUSDVV LQ FRQWLQXRXVZDYH:DQG ODVHU
SDVVHVDWN+]DQG:DQGSDVVHVUHVSHFWLYHO\DQGDOOH[SHULPHQWVZHUHSHUIRUPHGDWDVFDQQLQJVSHHGRI
PPVDQGDWDSXOVHIUHTXHQF\RIN+],QWKHFDVHRIJUHHQDQG89ODVHUVPRUHODVHUSDVVHVZHUHFDUULHGRXW
LQRUGHUWREDODQFHWKHH[SRVXUHWLPHRIWKHDOXPLQDVDPSOHVWRODVHUUDGLDWLRQ/DVHUWUHDWPHQWVZHUHPDGHZLWKD
IORZRIDUJRQULJKWRYHU WKHVXUIDFHRIDOXPLQDVLQFH LWZDVFOHDUO\GHPRQVWUDWHG WREH WKHEHWWHUFKRLFHVRDV WR
REWDLQWKHKLJKHVWFRQWUDVWPDUNV3HGUD]DHWDO3HQLGHHWDO
,PDJHVRI WKHVXUIDFHRI WKHWUHDWHGDQGXQWUHDWHGVDPSOHVZHUHWDNHQE\DQRSWLFDOPLFURVFRSH1LNRQ60=
FRXSOHGWRD&&'FDPHUD2QWKHRWKHUKDQGVHYHUDOFRORULPHWULFDQDO\VHVZHUHFDUULHGRXWZLWKWKHDLPRI
REWDLQLQJDTXDQWLWDWLYHUHVXOWRIWKHFRQWUDVWEHWZHHQPDUNVDQGXQWUHDWHGDOXPLQD7RGRVRDOXPLQDVDPSOHVZHUH
LOOXPLQDWHG DW  LQFLGHQFH XVLQJ D ZKLWH OLJKW IOXRUHVFHQW WXEH ODPS 265$0 / : DQG D
VSHFWURUDGLRPHWHU356SHFWUD6FDQZDVHPSOR\HGWRREWDLQWKHWULVWLPXOXVYDOXHV&,(;<=RIWKHVSHFWUXPRI
WKHUHIOHFWHGOLJKWIURPWRQPDWQPVWHSV6SHFLILFDOO\ILYHPHDVXUHPHQWVZHUHWDNHQIRUHDFKVDPSOH
FDOFXODWLQJWKHDYHUDJHRIWKHVHYDOXHV)RUWKHDQDO\VLVRIWKHFRQWUDVWWKHOXPLQDQFHYDOXH³<´RIWKH&,(;<=
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ZDV HPSOR\HG VLQFH LW LV DQ LQGLFDWRU RI WKH EULJKWQHVV DQG GDUNQHVV RI DQ\ VXUIDFH+HUHZH QDPH<E WR WKH
OXPLQDQFHRIWKHXQWUHDWHGDOXPLQDEDFNJURXQGRIWKHPDUNVDQG<PWRWKHOXPLQDQFHRIHDFKPDUN7KHUHIRUHWKH
IROORZLQJ UHODWLYH OXPLQDQFH WHUP ³5´ ZDV HPSOR\HG WR HYDOXDWH WKH FRQWUDVW RI WKH PDUNV ZLWK UHJDUG WR WKH
EDFNJURXQG
b
mb
Y
YYR     
2.1. Assessment of laser marking over time 
,Q RUGHU WR DQDO\]H WKH HYROXWLRQ RI WKHPDUNV RYHU WLPH HDFKPDUNHG VXUIDFH ZDV DQDO\]HG WZLFH WKH ILUVW
DQDO\VHVZHUHSHUIRUPHGULJKWDIWHUODVHUPDUNLQJDQGWKHVHDQDO\VHVZHUHUHSLWHGDIWHUWZR\HDUV7KHUHIRUHWZR
YDOXHVRI5DUH VKRZQ5 DQG5 FRUUHVSRQGLQJ WR WKH ILUVW FRORULPHWULF UHVXOWV DQG WKH VHFRQGRQHV WZR\HDUV
ODWHUUHVSHFWLYHO\)RUWKHVHFRQGDQDO\VHVZHUHSURGXFHGWKHFRQGLWLRQVRIWKHPHDVXUHPHQWVRIWKHILUVWRQHVLQFH
WKHOD\RXWRIWKHOLJKWVRXUFHDQGWKHVSHFWURUDGLRPHWHUVWURQJO\LQIOXHQFHVWKHILQDOYDOXHVRIOXPLQDQFH
6DPSOHV ZHUH VWRUHG LQ DPELHQW DLU H[SRVHG WR VWDQGDUG FRQGLWLRQV WKDW FRXOG EH ZHOO IRXQG LQ DQ LQGXVWULDO
HQYLURQPHQW 7KHUHIRUH QR FRQWURO RI DPELHQW WHPSHUDWXUH SUHVVXUH RU KXPLGLW\ KDV EHHQ FDUULHG RXW WU\LQJ WR
UHVHPEOHUHDOFRQGLWLRQVRIVWRUDJHRIPDUNHGDOXPLQDSDUWV
5HVXOWVDQG'LVFXVVLRQ
7DEOHVKRZVWKHUHVXOWVRIWKHFRORULPHWULFPHDVXUHPHQWVFDUULHGRXWFRUUHVSRQGLQJWRPDUNVSURGXFHGE\HDFK
ODVHUVRXUFH,WVKRZVERWKWKHROGDQGWKHFXUUHQWYDOXHVRIDEVROXWH/DQGUHODWLYH5OXPLQDQFHRIWKHPDUNV
7DEOH$EVROXWH/DQGUHODWLYH5OXPLQDQFHYDOXHVRIGLIIHUHQWODVHUWUHDWPHQWVFDUULHGRXWRQDOXPLQD6XEVFULSWFRUUHVSRQGWRROGYDOXHV
DQGVXEVFULSWWRFXUUHQWYDOXHVRIOXPLQDQFHDIWHUWZR\HDUV
6DPSOHODVHU 3RZHU: 6SHHGPPV 3DVVHV /FGP 5 /FGP 5
1G<92ODVHU89       
1G<92ODVHU*UHHQ       
1G<92ODVHU,5       
)LEHU,5ODVHU       
8QWUHDWHGDOXPLQD       

7KH FXUUHQW YDOXHV RI DEVROXWH OXPLQDQFH DUH DOO ORZHU WKDQ WKH ROGHU RQHV2Q WKH RWKHU KDQG UHJDUGLQJ WKH
UHODWLYHOXPLQDQFHVWKUHHYDOXHVDUHKLJKHUDQGWKHRQHPDGHE\WKHJUHHQODVHUVRXUFHLVORZHU,QDQ\FDVHFKDQJHV
DUH QRQVLJQLILFDQW VLQFH WKH\ DUH OHVV WKDQ D  ,W LV DOUHDG\ NQRZQ WKH VWURQJ GHSHQGHQFH RI FRORULPHWULF
DQDO\VLVRQWKHOLJKWLQJFRQGLWLRQVVRSUREDEO\WKLVVPDOOYDULDWLRQLVSDUWLDOO\GXHWRWKHGLIIHUHQFHRIWKHOD\RXWRI
WKHFRPSRQHQWVOLJKWVRXUFHVSHFWURUDGLRPHWHU«EHWZHHQWKHROGFRORULPHWULFPHDVXUHPHQWVDQGWKHQHZRQHV
2QWKHRWKHUKDQGWKHORZHUDEVROXWHOXPLQDQFHVFRXOGEHLQSDUWGXHWRVRPHGLUWLQHVVGHSRVLWHGRQWKHVXUIDFHRI
WKHVDPSOHVRYHUWLPHZKLOHKDQGOLQJDQGWUDQVSRUWLQJWKHP+RZHYHULWVKRXOGEHQRWHGWKDWWKHUHODWLYHOXPLQDQFH
WHUPGRHVQRWDFWXDOO\GHSHQGRQWKHH[SHULPHQWDODUUDQJHPHQWRIWKHFRORULPHWULFDQDO\VLVVRLWLVDJRRGRSWLRQLQ
RUGHUWRFRPSDUHWKHFRQWUDVWRYHUWLPH
)LJXUHVKRZVWKHUHVXOWRIWKHXOWUDYLROHWODVHUWUHDWPHQWRIDOXPLQD'HVSLWHWKHKLJKQXPEHURIODVHUSDVVHV
WKHFRORURIWKHSURGXFHGPDUNLVTXLWHEULJKWLQIDFWLVWKHEULJKWHVWRQHWKHKLJKHVWOXPLQDQFHDPRQJDOOPDUNV
VRWKHFRQWUDVWLVWKHSRRUHVWDQGWKHPDUNVDUHKDUGO\YLVLEOH8OWUDYLROHWODVHUSURGXFHVSKRWRQVZLWKKLJKHQHUJ\
KRZHYHU WKH DYHUDJH ODVHU SRZHU RI WKLV ODVHU KHDG LV FOHDUO\ WRR ORZ LQ RUGHU WR SURGXFH D KLJK FRQWUDVWPDUN
'HVSLWHODVHUSDVVHVKDYHEHHQPDGH WKH\DUHQRWHQRXJKWRSURGXFHKLJKFRQWUDVW ,Q WKHVXUIDFHRIDOXPLQD
XOWUDYLROHWUDGLDWLRQSURGXFHVWKHWH[WXUHVKRZQLQILJXUH7KHKLJKHQHUJ\RIWKHSKRWRQVPDNHWKHPLQWHUDFWZLWK
DOXPLQDSURGXFLQJERWKDEODWLRQDQGKHDWLQJ
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
)LJ2SWLFDOPLFURVFRSHLPDJHRIWKHWUHDWPHQWPDGHE\WKH1G<92XOWUDYLROHWODVHURQDOXPLQD
7KH WUHDWPHQWPDGHE\ WKHJUHHQ ODVHU VRXUFH LV GDUNHU WKDQ WKH RQHREWDLQHGE\ WKH XOWUDYLROHW UDGLDWLRQ DQG
EULJKWHUWKDQWKHWZRSURGXFHGE\WKHLQIUDUHGODVHUVRXUFHV)LJXUHVKRZVDQLPDJHRILWVW\SLFDODVSHFW7DEOH
VKRZVWKDWWKHVHPDUNVPDLQO\FRQVHUYHWKHLUUHODWLYHOXPLQDQFH,WSUHVHQWVDVOLJKWGHFUHDVHZLWKUHJDUGWRWKHROG
FRQWUDVWEXWWKHGLIIHUHQFHLVSUREDEO\GXHWRDGHYLDWLRQLQWKHPHDVXUHPHQWUDWKHUWKDQDUHDOFKDQJH7KHFRQWUDVW
LVHQRXJKWRVHHWKHPDUNVZLWKRXWDQ\SUREOHPEXWLWVKRXOGEHQRWLFHGWKDWODVHUSDVVHVPXVWEHFDUULHGRXWVR
DFWXDOO\JUHHQODVHUVHHPVWREHDSRRUFKRLFHLIWKHDLPLVDJRRGYLVLEOHPDUNZLWKDIDVWSURFHVVLQJVSHHG,QWKH
VDPHZD\DVXOWUDYLROHWODVHUWUHDWPHQWJUHHQUDGLDWLRQSURGXFHVQRWRQO\KHDWLQJRIDOXPLQDEXWDOVRDEODWLRQRQ
LWVVXUIDFH,WLVSUREDEO\GXHWRWKHVKRUWGXUDWLRQRIWKHODVHUSXOVHVQVDQGDOVRWRWKHUHODWLYHO\KLJKHQHUJ\RI
WKHSKRWRQVHPLWWHGE\WKLVODVHUVRXUFH


)LJ2SWLFDOPLFURVFRSHLPDJHRIWKHWUHDWPHQWPDGHE\WKH1G<92JUHHQODVHURQDOXPLQD
7UHDWPHQWPDGHE\WKH1G<92ZLWKWKHLQIUDUHGODVHUKHDGRQDOXPLQDILJXUHKDVDJRRGFRQWUDVWZLWKRQO\
RQHSDVVHYHQ WKRXJK LVQRW WKHKLJKHVW7KLVPDUNKDV WKHVDPHGHYLDWLRQRI WKH UHODWLYH OXPLQDQFH WKDW WKHRQH
PDGHE\WKHJUHHQODVHUVRXUFHEXWLQWKLVFDVHWKHFRQWUDVWLVKLJKHUFRPSDUHGWRWKHROGYDOXH,WFRXOGEHSDUWLDOO\
GXHWRVRPHGLUWLQHVVGHSRVLWHGRYHU WKHVXUIDFHEXWDJDLQ LW LVSUREDEO\PRVWO\DGHYLDWLRQLQ WKHPHDVXUHPHQW
7KHSRZHU LV HQRXJK WR SURGXFHR[\JHQYDFDQFLHV YHU\ GHHS LQVLGH WKH VXUIDFH VRPDUNV DUHPXFKGDUNHU WKDQ
WKRVHSURGXFHGE\JUHHQDQGXOWUDYLROHWVRXUFHV2QWKHRWKHUKDQGLQWKLVFDVHWKHUHZDVQRDEODWLRQRIWKHPDWHULDO
DWDOOVLQFHWKHODVHUWUHDWPHQWZDVPDGHDWFRQWLQXRXVZDYH7KLVSURGXFHVDGLIIHUHQWDQGVPRWKHUWH[WXUHRIWKH
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PDUNHGVXUIDFHEXWSUREDEO\LWKHOSV WRREWDLQDGDUNHUPDUNVLQFHDOO WKHHQHUJ\LVHPSOR\HGLQKHDWLQJDOXPLQD
LQVWHDGRISURGXFLQJDEODWLRQDQGWKHUHLVDKLJKHUSHQHWUDWLRQRIWKHWUDQVIRUPDWLRQ


)LJ2SWLFDOPLFURVFRSHLPDJHRIWKHWUHDWPHQWPDGHE\WKH1G<92LQIUDUHGODVHURQDOXPLQD
,5ILEHU ODVHU LV WKHEHWWHUFKRLFH LQRUGHU WRSURGXFHPDUNVZLWK WKHKLJKHVW UHODWLYH OXPLQDQFH$OXPLQDZDV
FOHDUO\PHOWHGLQWKHVDPHZD\DV1G<92,5ODVHUWUHDWPHQWDQGWKHUHZDVQRDEODWLRQIRUWKHVDPHUHDVRQ$V
FDQEHVHHQLQILJXUHSULQWLQJE\WKLVODVHUSURGXFHVKLJKTXDOLW\PDUNVWKDWDUHUHDOO\HDV\WRGLVWLQJXLVKVLQFH
WKH\VKRZDJRRGFRQWUDVWZLWKWKHEDFNJURXQG0RUHRYHUWKLVUHVXOWZDVDFKLHYHGLQRQO\RQHODVHUSDVVDQGZLWK
WKH KLJKHVW SURFHVVLQJ VSHHG $V H[SODLQHG EHIRUH WKH SURGXFW RI ODVHU LUUDGLDQFH DQG H[SRVXUH WLPH OHDGV WR D
GHHSHU OD\HU RI PHOWHG PDWHULDO VR WKHUPDO GHVRUSWLRQ RI R[\JHQ DWRPV LV HQKDQFHG DQG JHQHUDWLRQ RI R[\JHQ
YDFDQFLHV )FHQWHUV RU FRORU FHQWHUV LV FOHDUO\ HQKDQFHG0DUNV DUH DOVR HQGXUDEOH VLQFH R[\JHQ YDFDQFLHV DUH
SURGXFHGGHHS LQVLGH WKHVXUIDFH$OXPLQD LVDFWXDOO\ WUDQVSDUHQW WR LQIUDUHGHOHFWURPDJQHWLFUDGLDWLRQDWDPELHQW
WHPSHUDWXUH 7KHUHIRUH DW WKH EHJLQQLQJ RI WKH SURFHVV LWV DEVRUSWLRQ LV UHDOO\ ORZ +RZHYHU DV WHPSHUDWXUH
LQFUHDVHVLWVDEVRUSWLRQWRWKHLQIUDUHGODVHUEHDPLVHQKDQFHG=KDQJDQG0RGHVW$VFDQEHVHHQDOXPLQD
ZDV PHOWHG DQG UHFU\VWDOOL]HG EHFDXVH RI WKH ODVHU WUHDWPHQW DQG WKH KLJK WHPSHUDWXUH UHDFKHG LQFUHDVHV
GUDPDWLFDOO\WKHGHVRUSWLRQRIR[\JHQDWRPVDQGKHQFHWKHJHQHUDWLRQRIR[\JHQYDFDQFLHV


)LJ0DUNSURGXFHGLQDOXPLQDE\DQ,5ILEHUODVHU:PPVFRQWLQXRXVZDYH
$OXPLQDSODWHVHPSOR\HGLQWKLVZRUNZHUHSURGXFHGE\VLQWHULQJVRWKH\VKRZDQDWXUDOZKLWHFRORUJLYHQE\
WKHLU JUDLQ ERXQGDULHV $SHW] DQG 9DQ %UXJJHQ  7KHUHIRUH XQWUHDWHG DOXPLQD KDV WKH KLJKHVW YDOXH RI
238   J. Penide et al. /  Physics Procedia  83 ( 2016 )  233 – 239 
DEVROXWH OXPLQDQFH VHH WDEOH  DQG WKLVZKLWH FRORU LV WKH EDFNJURXQG RI WKHPDUNV VR LW ZDV HPSOR\HG DV D
UHIHUHQFHIRUWKHUHODWLYHOXPLQDQFHWHUP
:HFDQLQIHUWKDWPDUNVJHQHUDWHGE\ODVHUGLGQRWUHDOO\FKDQJHWKHLUUHODWLYHOXPLQDQFHZLWKLQWKHWLPHODSVHRI
WKHVWXG\WZR\HDUVVLQFH5LVLQDQ\FDVHYHU\FORVHWR57KHVHUHODWLYHOXPLQDQFHVDUHFORVHO\UHODWHGZLWKWKH
FRQWUDVW DVZHH[SODLQHGEHIRUH VR LW FDQEH VWDWHG WKDWPDUNVNHHS WKHLU FRQWUDVW DW OHDVW IRU WZR\HDUV7KLV LV
EDVLFDOO\GXHWRWKHKLJKYDOXHRIWKHSURGXFWRIWKHH[SRVLWLRQWLPHDQGODVHULUUDGLDQFHHPSOR\HGIRUDOOWUHDWPHQWV
ZKLFKGLUHFWO\LQIOXHQFHVWKHWUDQVIRUPDWLRQGHSWKRIWKHODVHUWUHDWPHQW)LEHUODVHUKDVWKHKLJKHVWSURGXFWGXHWR
LWVKLJKHVWODVHULUUDGLDQFHDQGJUHHQDQGXOWUDYLROHWODVHUVKDYHWKHORZHVWYDOXHVRILUUDGLDQFHEXWFRXQWHUEDODQFHG
E\WKHLUKLJKHUH[SRVXUHWLPHPRUHODVHUSDVVHVDQGUHVSHFWLYHO\7KHUHODWLRQEHWZHHQODVHULUUDGLDQFHDQG
H[SRVXUHWLPHZLWKWKHPHOWGHSWKLVVWDWHGE\HTXDWLRQ%lXHUOH

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ZKHUHKWPD[LVWKHPD[LPXPPHOWGHSWK,DLVWKHDEVRUEHGODVHULUUDGLDQFHȡWKHGHQVLW\RIPDWHULDOĲWKHH[SRVXUH
WLPHDQGǻ+WKHWRWDOHQWKDOS\QHHGHGWRPHOW7KHSURGXFWRIODVHULUUDGLDQFHDQGH[SRVXUHWLPHPDNHVWKHUDGLDQW
H[SRVXUHRUUDGLDQWIOXHQFH7KHUHIRUHLWFDQEHGHGXFHGWKDWWKHPHOWGHSWKLVSURSRUWLRQDOWRUDGLDQWIOXHQFH$VD
FRQVHTXHQFHLIWKLVSURGXFWLVLQFUHDVHGR[\JHQYDFDQFLHVDUHGHHSHULQVLGHWKHVXUIDFHRIDOXPLQDDQGWKH\GRQRW
GLVDSSHDUVSRQWDQHRXVO\DWDPELHQWWHPSHUDWXUHVLQFHR[\JHQDWRPVPXVWGLIIXVHGHHSHULQVLGHWRILOODOOWKHR[\JHQ
YDFDQFLHV ,Q IDFW VLQFH WKH ILEHU ODVHU WUHDWPHQWZDVPDGHZLWK WKH KLJKHVW SURGXFW RI WKHVH WZR WHUPV LW ZDV
DOUHDG\ UHSRUWHG 3HQLGHHW DO WKDW HYHQ LQD IXUQDFH & LQDLU VRPHGD\VDUHQHHGHG WR OLJKWHQ WKH
PDUNVILOOWKHR[\JHQYDFDQFLHV$FFRUGLQJO\ILOOLQJWKHR[\JHQYDFDQFLHVDWDPELHQWWHPSHUDWXUHLVDUHDOO\VORZ
SURFHVVDGWKLVLVWKHUHDVRQZK\FRQWUDVWGRHVQRWGLPLQLVKDIWHUWZR\HDUV
2YHUDOO ZH EHOLHYH ODVHU PDUNLQJ LV D VRXQG WHFKQLTXH WR SHUIRUP SHUPDQHQW FOHDUO\ YLVLEOH DQG H[WUHPHO\
GXUDEOHPDUNVRQGLIILFXOWPDWHULDOVVXFKDVSXUHZKLWHDOXPLQD7KLVUHVXOWFRXOGRSHQWKHGRRUWRPDQ\LQGXVWULDO
DSSOLFDWLRQVRIWKLVWHFKQRORJ\
&RQFOXVLRQV
&RORULPHWULFPHDVXUHPHQWVGHPRQVWUDWHG WKDWPDUNVSURGXFHGE\GLIIHUHQW ODVHUVRQDOXPLQDGLGQRWGLPLQLVK
WKHLUFRQWUDVWRYHUWKHWLPHODSVHRIWKLVVWXG\WZR\HDUV7KLVZDVDFRQVHTXHQFHRIWKHKLJKSHQHWUDWLRQGHSWKRI
WKHODVHUPDUNZKLFKZDVREWDLQHGWKDQNVWRDKLJKUDGLDQWH[SRVXUHSURGXFWRIODVHULUUDGLDQFHE\H[SRVXUHWLPH
LQDOOWUHDWPHQWV7UHDWPHQWVZLWKUHODWLYHORZHUODVHULUUDGLDQFHZHUHSHUIRUPHGZLWKPRUHODVHUSDVVHVLQRUGHUWR
LQFUHPHQWWKHYDOXHRIUDGLDQWH[SRVXUH7KHUHIRUHDOOPDUNVKDYHDPHOWHGOD\HUDQGKHQFHDOD\HUZLWKR[\JHQ
YDFDQFLHV GHHS HQRXJK VR DV WKH GLIIXVLRQ RI R[\JHQ DWRPV WR ILOO R[\JHQ YDFDQFLHV DW DPELHQW WHPSHUDWXUH
EHFRPHVUHDOO\VORZDQGILQDOO\WKHPDUNVDUHDOPRVWLQGHOLEOH
,5ILEHUODVHULQLQHUWDWPRVSKHUHLVWKHEHVWFKRLFHWRSURGXFHPDUNVLQDOXPLQDZLWKDKLJKFRQWUDVWDQGDKLJK
SURFHVVLQJVSHHG
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